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Abstract 
Initial cell evaluation on alginate/hydroxyapatite block was investigated. Sodium alginate with 1, 3 and 5% concentration was 
obtained via neutral extraction of locally obtained brown seaweed, Sargassumpolycystum. Commercially available hydroxyapatite 
(HAp) powder was pressed uniaxially at 3 MPa to obtain the HAp block. The HAp block was then sintered at 900̊C. The sintered 
HAp block was then immersed in the sodium alginate solution at different concentration for 24 hours under vacuum condition. 
Morphological observations show that normal cell growth was observed on alginate/HAp blockafter post treatment for day 1 and 
2. However, the cell starts to show some distinct morphological changes when compared to the control cells for day 5 and 7.  Cell 
viability assay results shows that a consistent cell growth was obtained with HAp block incorporated with 3 and 5% sodium 
alginate. While HAp block without the incorporation of sodium alginate and HAp block incorporated with 1% sodium alginate 
concentration shows inconsistent cell growth. Initial cell evaluation results suggest that alginate/HAp block shows no toxicity on 
cell attachment and proliferation. 
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1. Introduction 
  Damage and functional disorder of bone have become a global health care problem. However, current medical 
treatments which focuses on replacing the lost bone with autogenous and allogenic bone grafts induces many 
disadvantages such as limited bone supply, risk of diseases transmission, donor site morbidity and cost1. Therefore, 
artificial bone scaffolds which have the potential to allow new bone tissue ingrowths and mechanical properties to 
match that of natural bone are in high demand. Hydroxyapatite (HAp; Ca10(PO4)6(OH2)) has been used extensively  in 
bone implantation  to repair damage bone due to its similarity in chemical composition with the human bone2. 
However, sintered HAp often associated with its brittleness which limits its application in nonload bearing 
applications. Therefore, to overcome this drawback, HAp is often incorporated with biodegradable polymers to 
overcome its brittleness. Composite of HAp with biodegradable polymers are thought to improve the mechanical 
properties of HAp scaffold since it mimic the human bone which is a composite of organic and inorganic phase. The 
combination of these phases gives the bone superior strength and partial elasticity3. 
Alginate, naturally derived polymers are of interest to be incorporated into HAp scaffold due to its high 
biocompatibility, low toxicity, relatively economical and widely used in the food and pharmaceutical industry4. In 
addition, the hydrophilic nature of the alginate allows simple and rapid cell seeding that facilitate the nutrition transport 
and cell growth inside the scaffold5.These properties of alginate makes it a promising material when compared to 
synthetic biodegradable polymers such as polylactic acid (PLA) and  polylactic acid-co-glycolic (PLGA) to be 
incorporated into HAp scaffold because these synthetic biodegradable polymers are hydrophobic which limits cell 
adhesion and once implanted in vivo, the degradation products of synthetic biodegradable polymers can invoke 
chronic immune reaction6. 
Taking into account the advantages of alginate and HAp, a composite of alginate/HAp block was fabricated in 
this study and the initial cell evaluation on the alginate/HAp block was evaluated. 
2. Materials and Methods 
2.1. Preparation of alginate/HAp block 
Sodium alginate was extracted from seaweed, Sargassumpolycystum harvested from Semporna, Sabah, Malaysia 
via neutral extraction method. Briefly, 10 g of blended seaweed were immersed in 0.2M of hydrochloric acid (HCl; 
Merck, Germany) at pH4 and stir for one hour at room temperature. The residual solution was then drained and the 
algae were washed with distilled water. Then, 1, 3 and 5% of sodium carbonate (Na2CO3; Fluka, Germany) was pour 
to the seaweed until pH 10 was reached and stirred for 2 hours. The paste obtained was put into a centrifuge machine 
at 3000 rpm for 30 minutes. The undissolved cellulose was removed. The dissolved cellulose was then added with 
10% of calcium chloride (CaCl2; R&M Chemical, UK) solution, using the ratio of 2.2:1 parts of calcium chloride to 
alginate in the algal raw material. The alginate fibers obtained were then washed with distilled water. Next, HCl acid 
was added to the fibrous residue. The alginic acid was separated by filtration and dried in air followed by drying in an 
oven at 40°C until a constant weight was obtained. To get sodium alginate, Na2CO3was once again added to the solid 
alginic acid until pH 8 was achieved and stirred for 2 hours. An equal volume of ethanol (C2H6O; Merck, UK) was 
added to the sodium alginate solution for precipitation of alginate. The precipitate was then dried in an oven at 40°C.  
For the preparation of HAp block, commercially available hydroxyapatite (HAp; Sigma Aldrich, UK ) powders 
were put in a stainless steel mould and pressed uniaxially at 3 MPa to obtain a block of dimension 10 x 5 mm in 
diameter and thickness using a hydraulic hand press. The compacted samples were then sintered in a furnace at 900°C 
with heating rate of 5°C/min. 
The prepared HAp blocks were then immersed into a glass bottles containing sodium alginate solution at different 
concentration. The bottles were then placed in vacuum desiccators for 24 hours to allow full penetration. 
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2.2. Cell Evaluation 
a. Cell culture 
Normal fibroblast derived from rabbit’s skin was cultured in DMEM complete culture medium (10% fetal bovine 
serum and 1% antibiotic-antimycotic). The cells were allow to grow in 37°C incubator supplied with 5% CO2 until 
reach 70-80% confluency. After that, the cells were trypsinised with trypsin-EDTA and seeding into 24-well plate and 
incubated for overnight. Seeding density used in this assessment was 3x104 cells per mL. All reagents for cell culture 
were supplied by GIBCO®, USA unless stated otherwise.  
 
b. Sterilization of HAp block 
HAp blocks (both uncoated and coated with 1, 3, and 5% of alginate) were immersed in 70% ethanol and left 
overnight. Then, the blocks were rinsed thrice with phosphate buffer saline to completely remove the traces of ethanol 
from the blocks. The blocks were left to air-dried and kept in sterile tube until use.  
 
c. Cell toxicity and cell proliferation assay 
Prior cell evaluation, the sterile-HAp blocks were immersed with complete DMEM culture medium for 2 hours. 
After that, the blocks were put on top of the cells, to provide optimum direct interaction between the cells and the 
HAp blocks. The cell toxicity assay was carried out for day 1, day 2 and day 3 meanwhile cell proliferation assay was 
done until day 8 of treatment. In both assay, Presto Blue® Cell Viability Reagent (Invitrogen, Life Technologies, US) 
was used as indicator for cell growth. Medium from each interval day was collected and mixed with 10x Presto Blue. 
The mixture was incubated for 20 minutes before proceed with absorbance reading at 570 nm wavelength using Elisa 
reader. The over all cell culture methodology are as shown in Figure 1. The cell viability % which represent the cell 
growth was then calculated using equation as follow, 
 
 
ܥ݈݈݁ݒܾ݈݅ܽ݅݅ݐݕΨ ൌ ஺௕௦௧௥௘௔௧௠௘௡௧ି஺௕௦௖௢௡௧௥௢௟஺௕௦௖௢௡௧௥௢௟ ݔͳͲͲ    (1) 
 
 
Cell viability % was then plotted against sample (cell toxicity) and incubation time (cell proliferation). 
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Fig 1. Cell culture methodology  
3. Results and discussion 
 Fig. 2 shows the morphological observation on the cells after HAp blocks were exposure to normal fibroblast, 
there was no severe dead cells observed in each well. On day 1 of incubation, the cells grow normally and continued 
to grow up to day 2. On day 3, some vacuolization morphology on the cytoplasm of the cells was observed. These 
indicate a stress-condition in the culture medium for the cells. When the cells were exposed to the HAp blocks on day 
5 and 7, the cells started to show distinct morphological changes compared to the control cells (untreated). The cells 
exhibited some apoptotic cells which were shown by the floating cells (black circle) and some blebbing of the cell 
membranes’ (black arrowhead).  
Apoptosis is the programmed cell death that is responsible in maintaining the balance population of the cell in 
normal condition and the term is used when referring to the morphological changes of dead cell7,8. This includes the 
changes at the cytoplasm and the cell membrane, where there will be vacuolization and cell blebbing8,9. The features 
are always accompanied by the rounding of the cells and later on will turn out to be apoptotic body which is the 
floating dead cells in the culture medium10,11. The distinct changes were shown by cells which are cultured in an 
unfavourable growth medium for example in the presence of irradiation or drug for cancer treatment or in foreign 
substances. 
 
  
24 well plate containing 
normal human fibroblast 
cell line (IMR 90) 
HAp block (uncoated 
and coated with 1, 3 and 
5 %  alginate) 
Incubation: 
Toxicity assay: 1-3 days 
Proliferation assay: 1-7 days 
 
Observation: 
Morphology of the cell 
using inverted 
microscope 
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Fig. 2. Morphological observation on fibroblast cells cultured on uncoated HAp and HAp coated with 1, 3 and 5% alginate concentration 
 
 
 The assessment on the cell viability is important in determining the safety of the tested materials on normal cell as 
shown in Figure 3. From the cell viability assay, the minimum concentration needed to induce 50% of cell death 
following exposure to the samples which also known as IC50 concentration can be known12,13. The non-toxic properties 
of the HAp when incubated on normal fibroblast cells from day 1 until day 3 was then supported by the cell viability 
assay. In this assay, there was no sample on independent day that shows toxicity to the cells. The baseline for toxicity 
was below than 50% of cell viability percentage. Moreover, there was no IC50 concentration was determined in this 
assay, in contrast with the high cell growth which resulted in more than 100% of cell viability (Fig. 3). In cell viability 
assay, IC50 concentration refers to the minimum concentration needed to inhibit the growth of the cells. However, in 
this study no IC50 was obtained therefore it shows that all HAp blocks tested had no negative effect on normal 
environment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Cells viability assay 
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 The pattern of the cell response in which is reflected by the growth curve of the cells can be obtained from the cell 
proliferation assay (Fig. 4). The cell proliferation assay showed the pattern of the cell growth after incubated for 7 
days with the HAp blocks. In this assay, HAp block coated with 5% alginate showed the lowest cell viability, followed 
by the HAp block coated with 3% alginate, uncoated HAp block and HAp block coated with 1% alginate. The optimum 
cell proliferation was represented by the HAp block coated with 1% alginate meanwhile the HAp block coated with 
5% alginate was toxic to the cell after incubated for 3 day. The cell growth show similar pattern, in which there was 
increment after the cells adapted to the environment. After that, the cells started to decrease (day 2 for HAp and HAp 
with 1% alginate and day 3 for HAp with 3% and 5% alginate) which might be due to the effect of the by-product 
release into the culture medium after several incubation period. However, the cells start to increase again after 
adaptation to the new culture condition. This explainthe decreasing in cell viability on day 5 and an increase on day 7 
for the cells growth in this assay.  
 
 
 
 
Fig. 4. Cell proliferation assay 
 
4. Conclusion 
 
Cell evaluation on alginate/ HAp block was evaluated. No toxicity was observed on alginate/HAp block in all 
alginate concentration. Cell proliferation assay shows that there was a decrease in cell growth on day 5 for all 
alginate/HAp block at all concentration due to by product release. However, there was an increment on day 7 for all 
samples. Morphological observation shows some apoptotic bodies on some of the samples.  
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